Background and Purpose-Obesity is well recognized as a risk factor for coronary heart disease and mortality. The relationship between abdominal obesity and ischemic stroke remains less clear. Our aim was to evaluate abdominal obesity as an independent risk factor for ischemic stroke in a multiethnic community. Methods-A population-based, incident case-control study was conducted July 1993 through June 1997 in northern Manhattan, New York, NY. Cases (nϭ576) of first ischemic stroke (66% Ն65 years of age; 56% women; 17% whites; 26% blacks; 55% Hispanics) were enrolled and matched by age, sex, and race-ethnicity to stroke-free community controls (nϭ1142). All subjects were interviewed and examined and had measurements of waist-to-hip ratio (WHR). Odds ratios (ORs) of ischemic stroke were calculated with gender-specific quartiles (GQs) and gender-specific medians of WHR adjusted for stroke risk factors and body mass index (BMI). Results-Compared with the first quartile, the third and fourth quartiles of WHR had an increased risk of stroke (GQ3: OR, 2.4; 95% CI, 1.5 to 3.9; GQ4: OR, 3.0; 95% CI, 1.8 to 4.8) adjusted for other risk factors and BMI. Those with WHR equal to or greater than the median had an overall OR of 3.0 (95% CI, 2.1 to 4.2) for ischemic stroke even after adjustment for other risk factors and BMI. Increased WHR was associated with a greater risk of stroke in men and women and in all race-ethnic groups. The effect of WHR was stronger among younger persons (test for heterogeneity, PϽ0.0002) (Ͻ65 years of age: OR, 4.4; 95%CI, 2.2 to 9.0; Ն65 years of age: OR, 2.2; 95% CI, 1.4 to 3.2). WHR was associated with an increased risk among those with and without large-artery atherosclerotic stroke. Conclusions-Abdominal obesity is an independent, potent risk factor for ischemic stroke in all race-ethnic groups. It is a stronger risk factor than BMI and has a greater effect among younger persons. Prevention of obesity and weight reduction need greater emphasis in stroke prevention programs. (Stroke. 2003;34:1586-1592.) 
T he prevalence of Americans who are overweight or obese rapidly increased from 47% to 61% between 1980 and 1999. 1 The impact of obesity on public health is a growing concern because obesity is well recognized to be related to many diseases such as type 2 diabetes mellitus, hypertension, dyslipidemia, gall bladder disease, respiratory disease, sleep apnea, and cancer. [2] [3] [4] The unfavorable effect of obesity on coronary heart disease [5] [6] [7] and all-cause mortality 8 -12 is well recognized. In addition, abdominal obesity measured by waist-to-hip ratio (WHR) is related to an increased risk of coronary artery disease. 13, 14 The relationship between obesity and ischemic stroke, however, remains less clear.
In the most recent guideline statements for healthcare professionals from the Stroke Council of the American Heart Association, obesity was categorized as a "less well documented or potentially modifiable risk factor." 15 Several studies have shown an association of obesity as defined by body mass index (BMI) with the risk of stroke. The Honolulu Heart Program reported that BMI was associated with increased risk of thromboembolic stroke among nonsmoking men in older middle age. 16 In the Framingham Heart Study, an association between metropolitan relative weight and atherothrombotic stroke was found in women but not in men. 5 The Nurses' Health Study showed that women with increased BMI had an increased risk of ischemic stroke, but not after adjustment for hypertension, diabetes mellitus, and high cholesterol. 17 In contrast, other studies have failed to find an independent relationship between obesity measured by BMI and increased risk of stroke in women 18 -20 or men. 21, 22 Therefore, the association of obesity with stroke remains controversial. Furthermore, BMI may not be a good indicator of stroke risk.
Few studies have examined the relationship between abdominal obesity defined by WHR and stroke. Swedish investigators suggested that increased WHR may be a risk factor for stroke in women 19 and men, 20 but these results were limited by small numbers of cases. The Health Professionals Follow-Up Study showed that the highest quintile of WHR was associated with an increased risk of stroke among men but did not ascertain the effect of hypertension, diabetes, and hyperlipidemia on stroke. 22 Therefore, the information about abdominal obesity as a risk factor for ischemic stroke is very limited, and to date, there has been no study in a multiethnic population in which obesity may be more prevalent.
The purpose of this study was to determine whether abdominal obesity is independently associated with an increased risk of ischemic stroke among white, black, and Hispanic subjects living in the same community. We also examined whether the effect of abdominal obesity differed by age, sex, race-ethnicity, and subtype of ischemic stroke.
Methods

Selection of Cases
We conducted a population-based case-control study in the northern Manhattan community. The methods for case detection in the Northern Manhattan Stroke Study (NOMASS) have been described previously. 23 Briefly, 688 incident cases were prospectively enrolled between July 1, 1993, and June 30, 1997, if they were (1) diagnosed as having a first cerebral infarction, fatal or nonfatal; (2) Ͼ39 years of age at onset of stroke; and (3) a resident of northern Manhattan for Ͼ3 months in a household with telephone. Patients with intracerebral or subarachnoid hemorrhage and transient ischemic attack were excluded from this analysis.
Case surveillance included screening of all admissions, discharges, and head CT scans at the Columbia-Presbyterian Medical Center (CPMC), the only hospital in the community. Cases were also identified through discharge lists from other area hospitals and through a comprehensive community-based surveillance system for nonhospitalized persons with stroke. Stroke patients not admitted to CPMC were invited to come to CPMC for enrollment in the study.
Waist and hip circumferences were not obtained in 112 subjects (16%); therefore, 576 cases were included in this analysis. We had to exclude 112 subjects predominantly because of an inability to obtain waist and hip measures among those who were confined to bed. To detect any systematic bias among these 576 cases, we compared baseline variables available between the studied cases and the rest of the cohort. No significant differences between demographics, risk factors, and BMI in the study sample and the overall NOMASS case population were detected.
Selection of Controls
The methods of control recruitment and enrollment have been described elsewhere. 24 Stroke-free subjects residing in the northern Manhattan community were recruited by random-digit dialing using dual frame sampling to identify both published and unpublished telephone numbers. When a household was contacted, the research objectives were explained. Participants were interviewed briefly to record age, sex, race-ethnicity, and risk factors if they (1) had never been diagnosed with stroke, (2) were Ն39 years of age, and (3) resided in northern Manhattan for Ͼ3 months in a household with a telephone. These telephone interviews were performed by Audits and Surveys, Inc (New York, NY). The telephone response rate was 91%.
Telephone interview data from control-eligible subjects were downloaded to the NOMASS computer system and assigned to cells defined by age, sex, and race-ethnicity. Control subjects were randomly selected from cells matched to the accumulating case group by age, sex, and race-ethnicity. Of those who provided answers to the telephone survey, 75% participated in an in-person evaluation. The subjects who participated in the in-person evaluation were similar to the total telephone population in terms of age, demographics, and vascular risk factors. For this analysis, 80% of the cases were matched to 2 controls, and 12% were matched to 1 control; 8% were matched to other case-control strata by age within 5 years, sex, and race-ethnicity.
Index Evaluation of Cases and Controls
Using standard data collection instruments, bilingual research assistants collected data through interview and medical record review of cases and controls. Study physicians performed physical and neurological examinations, and in-person measurements and fasting blood specimens for lipid and glucose measurements were performed as described elsewhere. 25 In-person evaluations of cases and controls were performed at the medical center or at home for those who could not come in person or who had a nonhospitalized stroke. When the study subject was unable to provide answers, a proxy knowledgeable about the patient's history was interviewed. Race-ethnicity, hypertension, diabetes mellitus, any cardiac disease, any physical activity, moderate alcohol use, and smoking status were defined through the use of standard criteria as previously described. 24, 25 From the results of a comprehensive neurovascular evaluation of the patients, cases of ischemic stroke were classified into infarct subtype categories. Subtypes of cerebral infarction were determined after review of all available data by a diagnostic committee as described elsewhere. 26 Infarct subtypes were classified on the basis of a modified National Institute of Neurological Disorders and Stroke data bank criteria as lacunar, extracranial atherosclerosis, intracranial atherosclerosis, cardioembolic, cryptogenic, or infarct resulting from other known causes. Infarcts related to extracranial atherosclerosis required carotid or vertebral artery occlusion or moderate to severe stenosis (Ͼ60%) correlating with the territory of infarction. Infarcts related to intracranial atherosclerosis required intracranial large artery stenosis or occlusion (by cerebral angiography, MR angiography, or transcranial Doppler studies) correlating with the territory of infarction. Lacunar infarcts showed brain imaging evidence of a small, deep infarct or a normal repeated brain image, normal or minimal large-artery stenosis, and no source of cardioembolism. Cardioembolic infarcts required documentation of atrial fibrillation or flutter, valvular heart disease, cardiac intraluminal thrombus, cardiomyopathy, recent (Ͻ6 months) myocardial infarction, bacterial or marantic endocarditis, atrial myxoma, or pulmonary vein thrombosis. Cryptogenic infarcts did not meet criteria for infarcts of determined cause or may have had inadequate evaluation that makes diagnostic classification difficult. For this analysis, cases were divided into 2 groups: cerebral infarction resulting from large-artery (extracranial or intracranial) atherosclerosis and the combination of the other categories (lacune, cardioembolism, cryptogenic, and other infarction).
Anthropometric Assessment
Cases and controls had waist and hip circumference measurements (in inches) performed by trained research assistants using flexible measuring tape. These circumferences were measured with participants standing and relaxed without heavy outer garments. Measurements were done supine among those cases who were unable to stand. Waist circumference was measured at the level of the umbilicus, and hip circumference was measured at the level of the bilateral greater trochanters. WHR was defined as waist divided by hip circumference. Height (in inches) and weight (in pounds) were measured with a standard scale. In Ͻ5% of subjects, height and weight measurements were obtained from medical record review or self-report. BMI was calculated as weight in kilograms divided by height squared in meters after transformation.
Statistical Analysis
Statistical analyses were performed with SAS software (SAS Institute). Simple and multiple conditional logistic regression models for matched case-control data were used to calculate the odds ratio (OR) and 95% confidence interval (CI) for gender-specific quartiles (GQs) and gender-specific medians of WHR and ischemic stroke. Adjusted ORs were calculated after adjustment for potential confounding factors (hypertension, diabetes, low-density lipoprotein [LDL] cholesterol, high-density lipoprotein [HDL] cholesterol, any cardiac disease, no physical activity, current smoking, moderate alcohol use, and education level) and BMI. Age, sex, race-ethnicity, and stroke subtype strata were evaluated. Tests for heterogeneity were done to assess statistically significant differences between ORs in the stratified analyses.
Results
A total of 576 ischemic stroke cases and 1142 controls were evaluated in this analysis. Table 1 shows the demographics and distribution of stroke risk factors in cases and controls. Among the cases, 67% were Ն65 years of age; 56% were women; 55% were Hispanic; 26% were black; 17% were white; and 2% were other. The prevalence of obesity, defined by BMI, was slightly greater among controls than cases in our univariate analysis. Among our stroke-free community subjects, waist circumference was highly correlated with BMI (rϭ0.58, PϽ0.0001), whereas WHR was relatively independent of BMI (rϭ0.09, PϽ0.0001).
The Figure shows the frequency distribution, mean, median, and quartiles of WHR in male and female controls. The mean and median WHRs were greater for men than for women. Therefore, we categorized WHR into GQ and medians. In a simple model unadjusted for stroke risk factors, the ORs for ischemic stroke of WHR GQ2, GQ3, and GQ4 compared with GQ1 were 1.3 (95% CI, 0.9 to 2.0), 3.4 (95% CI, 2.4 to 4.9), and 5.1 (95% CI, 3.6 to 7.4), respectively. In multivariate analysis matched for age, sex, and race-ethnicity and adjusted for stroke risk factors, WHR GQ3 (adjusted OR, 2.3; 95% CI, 1.5 to 3.6) and GQ4 (adjusted OR, 2.6; 95% CI, 1.6 to 4.1) were associated with an increased risk for ischemic stroke ( Table 2 ). In a subsequent multivariate analysis matched for age, sex, and race-ethnicity and adjusted for stroke risk factors except HDL, LDL, and physical inactivity, WHR GQ3 (adjusted OR, 2.7; 95% CI, 1.8 to 4.1) and GQ4 (adjusted OR, 3.7; 95% CI, 2.4 to 9.8) were more strongly associated with an increased risk of ischemic stroke. In analyses adjusted for BMI and stroke risk factors, GQ3 and GQ4 still had statistically significant ORs of 2.4 (95% CI, 1.5 to 3.9) and 3.0 (95% CI, 1.8 to 4.8) for ischemic stroke, respectively.
Because GQ2 was not associated with an increased risk and both GQ3 and GQ4 exerted a similar increased risk of ischemic stroke, further analyses were done using the genderspecific medians of WHR (men, 0.93; women, 0.86). Compared with those with WHR less than the gender-specific median, those with WHR greater than or equal to genderspecific medians had an increased ischemic stroke risk (unadjusted OR, 3.7; 95% CI, 2.8 to 4.8). After adjustment for stroke risk factors, the association was attenuated (adjusted OR, 2.8; 95% CI, 2.0 to 4.0). After further adjustment for BMI, the association did not change (adjusted OR, 3.0; 95% CI, 2.1 to 4.2) ( Table 2) . No interactions were observed between WHR and hypertension or diabetes. No significant association was observed between stroke and waist circumference as a continuous variables or using gender-specific cut points based on National Heart, Lung and Blood Institute guidelines (women, Ͼ35 in; men, Ͼ40 in). 4 When the effect of WHR on ischemic stroke was stratified by sex, men with WHR Ն0.93 and women with WHR Ն0.86 had significantly increased risks of ischemic stroke in simple and multivariate models ( Table 3 ). In analyses adjusted for risk factors and BMI, the risk among men (OR, 3.8; 95% CI, 1.8 to 5.0) was greater (zϭ2.9, PϽ0.0038) than that among women (OR, 2.5; 95% CI, 1.6 to 4.0). The influence of WHR on risk of ischemic stroke also differed by age ( Table 3 ). The OR among those Ͻ65 years of age (OR, 4.4; 95% CI, 2.2 to 9.0) was greater (zϭ4.1, PϽ0.0002) than among those Ն65 years of age (OR, 2.2; 95% CI, 1.4 to 3.2) in dichotomous analysis adjusted for risk factors and BMI.
In analyses stratified by race-ethnicity, WHR was associated with an increased risk of ischemic stroke among non-Hispanic whites, Hispanics, and non-Hispanic blacks after adjustment for stroke risk factors and BMI ( Table 3 ). The point estimates of the OR among whites and Hispanics appeared slightly greater than that among blacks, but the difference was not statistically significant, and the impact of WHR on ischemic stroke was similar among the 3 race-ethnic groups.
When ischemic stroke was stratified by stroke subtype, there was an unfavorable effect of high WHR on all stroke subtypes in simple and multivariate analyses ( Table 4 ). The association in an unadjusted model was greater in those with large-artery atherosclerotic subtype compared with the other subtypes. After adjustment for risk factors and BMI, the association appeared to be similar for those with and those without large-artery atherosclerotic stroke subtypes.
Discussion
Our data show a significant and independent association between ischemic stroke and abdominal obesity as defined by an elevated WHR. Vague 27 first suggested that atherosclerotic risk was higher in those with abdominal obesity compared with lower-body obesity. Other investigators also have reported that abdominal fat distribution is highly related to an increased prevalence of cardiovascular risk factors. 18,28 -31 The measurement of waist circumference alone is a simple indicator of abdominal obesity but has not been found to be a good predictor of stroke in this and other studies. 13, 19, 22 The effect of WHR was apparent after controlling for BMI. In our study population, BMI was not significantly associated with ischemic stroke. In fact, BMI had a slight inverse association with ischemic stroke. This finding has been noted by others. 22 In some studies, current smoking 32 and heavy alcohol drinking 33 may lead to a reduced BMI and an increase in the risk of stroke and therefore confound the association between BMI and stroke. Moreover, weight or BMI can decrease with age because of a loss of lean body mass 22, 34, 35 and a measurement of WHR may be a more useful method to assess abdominal fat accumulation and a better predictor of an increased risk for stroke than BMI or waist circumference. Because WHR is a more difficult measure to standardize in the clinic compared with BMI and to measure in large persons, it has been used less extensively in practice. Despite these limitations, the value of WHR argues for adding this measurement to vascular risk assessments.
Abdominal obesity may increase the risk of ischemic stroke through conventional vascular risk factors, but our study demonstrated an effect independent of these mechanisms. Other mechanisms such as insulin resistance or the metabolic syndrome could also help account for the effects of abdominal obesity. Some studies have shown that uncomplicated abdominal obesity is related not only to endothelial dysfunction, an early marker of atherosclerotic disease, 36 but also to hemorheologic disorders associated with blood flow disturbances and atherogenesis such as blood hyperviscosity, hyperfibrinogenemia, reduced red cell deformability, and erythrocyte aggregability, 37 as well as platelet activation through enhanced lipid peroxidation and inflammation. 38 The finding of a significant effect of WHR for those with and without large-artery atherosclerotic stroke, even when controlling for stroke risk factors, also supports the existence of other nonatherosclerotic mechanisms. As shown in Table 4 , the OR for atherosclerotic stroke decreased substantially after controlling for other stroke risk factors, whereas the OR for those without large-artery atherosclerotic stroke did not. This implies that there is less confounding of the association of abdominal obesity among those without large-artery atherosclerotic stroke by conventional risk factors and a possible effect through other mechanisms.
The strength of the independent association between abdominal obesity and ischemic stroke in our study was as great as that observed for definite hypertension and diabetes mellitus in other reports. 39 In some cohort studies, WHR was no longer an independent risk factor for stroke after adjustment for hypertension and blood lipid levels or diabetes, but the number of events in these studies was small. 19, 21 These studies also failed to differentiate between infarction and hemorrhage as separate outcomes. 18, 19, 21 The effect of obesity on hemorrhagic stroke may differ from that of ischemic stroke. 17 In our study, the significant effect of WHR on ischemic stroke was present in models with and without adjustment for blood lipid levels.
Our study demonstrated an effect of abdominal obesity in both younger and older subjects, but the influence of WHR on ischemic stroke may be greater among those Ͻ65 years of age. Age differences in the contribution of obesity to the risk of cardiovascular disease have been noted in the Framingham Heart Study using the metropolitan relative weight. 5 That study suggested that older subjects may have been a selective group in the prospective cohort because they remained resistant to the influence of obesity during their earlier life. Weight control needs further emphasis at all ages, but messages may need to be targeted to younger individuals for obesity control in stroke prevention campaigns.
The distribution of WHR differed by sex, with greater values in men, in our study and in other studies. 29, 40 It is not clear, however, whether the impact of abdominal obesity on ischemic stroke is different by sex. In other studies, the risk of stroke was 2.3 times greater in the highest quintile of WHR (Ն0.98) for men 22 and 1.6 times greater in the highest tertile of WHR (Ͼ0.87) for women. 18 Our results showed that men with increased WHR appeared to have a statistically greater risk for ischemic stroke than women. However, it may be difficult to compare directly the impact of WHR between men and women because of the use of sex-specific cut points in this analysis. Of note, when BMI was added to our model as a confounding factor, the OR between WHR and ischemic stroke decreased among women, whereas it increased among men. This could suggest that the relationship between ischemic stroke, abdominal obesity, and BMI may differ by sex because of differences in the operation of other vascular risk factors.
Several limitations of our study design deserve discussion. Our study was a case-control rather than prospective cohort study. The population-based approach of this case-control design, however, and the matching by age, sex, and raceethnicity help to minimize the potential biases often associated with case-control studies. Some control selection bias could have existed, with overweight or obese persons more likely to agree to participate in the study. This selection bias, however, would have biased our effect estimates to the null value. The distribution of WHR in our control subjects was similar to other study populations, implying that control selection bias was less likely. The cut point of quintile 5 of WHR in the Health Professional Follow-Up Study was 0.98, the same as quartile 4 for WHR among men in our study. 22 The quartiles of WHR among women in our study were slightly greater than those of the Nurses' Health Study, which was a younger cohort. 13 In addition, the median value of WHR chosen as a sex-specific cut point was comparable to reference values described in the literature (WHR, 0.92 in men and 0.82 in women) as criteria for abnormal regional fat distribution. 35 Our anthropometric measurements were performed after the stroke and may not accurately reflect the premorbid status of obesity because weight and waist and hip circumferences could be changed by inadequate nutritional intake after acute stroke. By design, however, we made special efforts to collect anthropometric data within 72 hours after stroke, and it is unlikely that significant changes in waist or hip measurements would have occurred in that time. Measurement error may also have occurred because WHR was measured in the supine position in some cases who were unable to stand. In a pilot study, waist circumferences measured when supine were slightly smaller than when measured standing, whereas hip circumferences did not differ by position measured. Therefore, measurement errors in WHR because some cases could not stand would have led to an underestimation of the OR.
Our study has important public health implications, particularly for minority groups. Blacks and Hispanics have a greater stroke incidence and mortality. 41, 42 The prevalence of obesity was 26.9% among blacks in 1998, the highest prevalence among race-ethnic subgroups studied. In addition, the prevalence of obesity among Hispanics, one of the fastest growing minority groups in this country, increased from 1991 to 1998 by 80% (11.6% to 20.8%). 43 NOMASS has provided specific information not only on the incidence of stroke among whites, blacks, and Hispanics but also on significant modifiable risk factors that are pertinent to each of these race-ethnic groups. With this analysis, we have demonstrated that increased WHR is independently associated with an increased risk of ischemic stroke among older whites, Hispanics, and blacks. This study corroborates other studies among younger blacks that abdominal obesity independently contributes to vascular risk factor elevations 29, 30 and provides new data on the importance of abdominal obesity among Caribbean Hispanics. Weight reduction may favorably alter cardiovascular risk factors such as blood pressure, blood sugar level, and serum lipid level, which are known to be more prevalent among minority populations. 39, 44 Therefore, better behavioral modification programs and treatment of abdominal obesity 45 are greatly needed, particularly among minority populations, and could be effective in reducing stroke risk.
